Background--Obstructive sleep apnea (OSA) is an independent risk factor for many cardiovascular conditions such as coronary artery disease, myocardial infarction, systemic hypertension, pulmonary hypertension, and stroke. However, the association of OSA with outcomes in patients hospitalized for ST-elevation myocardial infarction remains controversial.
O bstructive sleep apnea (OSA) is a disease characterized by repeated collapse and obstruction of the muscular upper airways during sleep, resulting in significant hypopnea, apnea, and oxygen desaturation. 1 OSA is an independent risk factor for many cardiovascular conditions, such as coronary artery disease (CAD), myocardial infarction (MI), systemic hypertension, pulmonary hypertension, and stroke. [2] [3] [4] [5] [6] Also, increasing severity of OSA has been shown to have a positive correlation with the occurrence of CAD. 2 Although the association with cardiovascular diseases is well established, the impact of OSA on immediate acute coronary syndrome outcomes remains controversial. Although some studies have associated OSA with increased rates of cardiovascular events and decreased long-term survival post-MI, others have shown that OSA is not a risk factor for adverse outcomes. 7, 8 These studies are limited by small sample sizes, selection bias, and low event rates for immediate post-MI outcomes in patients with and without OSA. Understanding the impact of OSA on these immediate outcomes is necessary to better risk stratify patients with known OSA and provide more-aggressive treatment, such as positive airway pressure therapy, to these patients. 8 Additionally, several human and animal studies have shown that OSA or chronic intermittent hypoxia (which is associated with OSA) is associated with less-severe cardiac injury after an MI. 9, 10 Several studies on OSA in the elderly and in other conditions, such as pneumonia, and those hospitalized for bariatric procedures have shown a survival benefit associated with OSA. 1, 11, 12 In fact, the presence of OSA has been used to explain the "obesity paradox" wherein obese patients with established cardiovascular disease have better outcomes than their leaner counterparts. 13, 14 We used the nation-wide inpatient database to compare in-hospital outcomes of patients with and without recognized OSA with a primary discharge diagnosis of ST-elevation MI (STEMI). We also studied the comparative resource utilization, including in-hospital procedures, hospital charges, and hospital length of stay, in these patients.
Methods

Data Source
We Table S1 . Hospital characteristics that were used included geographical region (Northeast, Midwest, South, and West), number of beds (small, medium, and large), location (rural and urban), and teaching status.
Outcomes
Our primary outcome of interest was in-hospital mortality. Secondary outcomes included length of stay, hospital charges, and incidence of in-hospital cardiac arrest (IHCA).
We also looked at comparative rates of coronary artery bypass grafting (CABG), percutaneous intervention (PCI), and thrombolytic use in these patients.
Statistical Analysis
All data were weighted by discharge weight. For descriptive analyses, patient and hospital characteristics were compared between patients with and without OSA using the Pearson chi-square test for categorical variables and the independent-samples t test for continuous variables. Categorical variables are expressed as percentages and continuous variables as meanAESD. We used multivariable logistic regression (for dichotomous variables) and linear regression (for continuous variables) to study the association of OSA with primary and secondary outcomes post-STEMI and to calculate adjusted odds ratios (aORs) for the same. The primary regression model was adjusted for demographics (age and sex), primary expected payer, median household income, all Elixhauser comorbidities, other clinically relevant comorbidities (smoking, dyslipidemia, and known history of CAD), and location of MI and hospital characteristics. To further explore the role of revascularization in affecting in-hospital mortality among patients with OSA, we created a secondary regression model that included the primary model and all revascularization procedures (PCI+CABG+thrombolyt-ics). Race was excluded from all regression analysis because there were 24% missing data for this variable. Log transformation of length of stay and hospital charge were used given that these variables were positively skewed. A 2-tailed P<0.05 was used to denote statistical significance. SPSS software (version 20; IBM Corp., Armonk, NY) was used for all statistical analyses.
Clinical Perspective
What Is New?
• This is the largest study examining the association of recognized sleep apnea with immediate post-ST-elevation myocardial infarction outcomes • We show that patients with recognized sleep apnea have increased resource utilization and receive more-aggressive treatment than those without sleep apnea.
What Are the Clinical Implications?
• Patients with recognized sleep apnea have decreased in-hospital mortality after ST-elevation myocardial infarction, but have similar incidence of in-hospital cardiac arrest. 
In-Hospital Procedures and Outcomes
The data related to in-hospital procedures and outcomes are shown in Tables 2 and 3 . Patients with OSA were more likely to receive thrombolytics, undergo diagnostic cardiac catheterization, and were also more likely to undergo PCI for STEMI (P<0.001 for all). Eleven percent of STEMI patients with OSA underwent CABG during the admission as compared with only 9.8% of the non-OSA group (P<0.001). On multivariable logistic regression analysis, after controlling for baseline patient characteristics and hospital characteristics, patients with OSA had significantly reduced in-hospital mortality (aOR, 0.83 [95% CI, 0.81-0.84]; P<0.001). Analysis of the secondary regression models revealed that after additional adjustment for revascularization, patients with OSA continued to have significantly reduced in-hospital mortality (P<0.001 for all). We further stratified our population by age (<65 and ≥65 years), sex, race, obesity, diabetes mellitus, hypertension, and previous history of CAD to examine the effect of these variables on in-hospital mortality. Whereas patients aged ≥65 years had greater mortality than those who were younger (aOR, 2.05 [2.00-2.09]; P<0.001), those with OSA (in both strata) had markedly lower mortality than their non-OSA counterparts (P<0.001 for both). Although men with OSA had decreased 
Discussion
Our study of over 1.8 million patients with STEMI revealed that STEMI patients with recognized OSA were younger, male smokers with a greater burden of cardiovascular risk factors than those without OSA. These patients were more likely to undergo diagnostic and therapeutic procedures (thrombolysis, diagnostic angiography, PCI, and CABG), have longer hospital stays, and incur greater hospital costs. Whereas the incidence of IHCA was similar, STEMI patients with recognized OSA had significantly reduced in-hospital mortality. Secondary analyses also confirmed that after additional adjustment for PCI, CABG, or all revascularization, patients with OSA continued to have significantly reduced in-hospital mortality. This effect was of greatest significance in the elderly and was of borderline significance in women. We also found that patients with OSA had longer hospital stays and incurred greater hospital charges, were of higher socioeconomic class, and were treated more often in larger teaching hospitals. Many studies have reported the association of OSA with cardiovascular conditions such as CAD, MI, systemic hypertension, pulmonary hypertension, and stroke. [2] [3] [4] [5] [6] Our results were consistent with these studies' findings. At the time of hospitalization for STEMI, patients with OSA were younger and were more likely to have a history of dyslipidemia, obesity, known CAD, congestive heart failure, systemic hypertension, chronic pulmonary disease, and renal failure. We can postulate that the comparatively younger age and significantly greater comorbidity profile of OSA patients may explain the greater likelihood of these patients receiving procedures such as thrombolysis, PCI, and CABG. Another explanation for the observed survival benefit may be that patients with OSA were more likely to be taken to larger, urban teaching hospitals that might be better equipped to IHCA indicates in-hospital cardiac arrest; OR, odds ratio; OSA, obstructive sleep apnea; STEMI, ST-elevation myocardial infarction. *P value is adjusted demographics (age and sex), primary expected payer, all Elixhauser comorbidities, other clinically relevant comorbidities (smoking, dyslipidemia, known history of coronary artery disease), location of myocardial infarction, and hospital characteristics.
manage complex patients with significant obesity. Although we did not find any association of OSA on incidence of IHCA, our adjusted models revealed significantly decreased in-hospital mortality in these patients. Although it is possible that this improved survival represents the presence of unmeasured confounding factors, our study is in line with a growing body of evidence that "recognized" OSA confers a survival benefit during inpatient stays for a number of conditions. A recent study of over 250 000 patients with pneumonia showed that even though patients with OSA had a significant burden of comorbidities and used greater hospital resources than those without OSA (similar to our findings), they had modestly lower inpatient mortality. 1 In another large cohort study of over 1 million patients undergoing elective surgery, patients with sleepdisordered breathing had significantly decreased in-hospital mortality after cardiovascular surgery (OR, 0.54 [95% CI, 0.40-0.73]). 15 In a large study of patients undergoing bariatric surgeries, those with OSA had improved postoperative survival. A similar survival benefit has also been noted with elderly patients (a group in which OSA has high prevalence). Lavie and Lavie studied around 600 elderly patients with a mean age of 70 years who were referred to a sleep laboratory for suspected OSA. Over a mean follow-up of around 5 years, patients with OSA had significantly improved survival as compared with an age-, sex-, and ethnicitymatched cohort. 12 These findings are similar to those from our cohort, where we observed that the greatest survival benefit of OSA was present in elderly patients (aged >65 years; aOR, 0.70 [95% CI, 0.63-0.77]). There are several potential explanations for our findings. Given that 45.2% of the patients with OSA were also obese, it is possible that the "obesity paradox" may be contributory. The "obesity paradox" refers to a phenomenon wherein obese patients (defined by body mass index) with established cardiovascular disease may have better outcomes than their leaner counterparts. 13, 14 Explanations for this include an earlier onset of symptoms from cardiovascular disease, more-aggressive optimization of preventive medical treatment, and certain neurohormonal alterations, such as increased soluble tumor necrosis factor-alpha receptors in obese patients. [16] [17] [18] Another potential explanation for the survival benefit of OSA is "ischemic preconditioning" through chronic intermittent hypoxia, which is characteristic of OSA.
19 This is a process by which repeated episodes of sublethal ischemia confer protection from infarction, arrhythmias, and further ischemic insults. 12, 20 A study on rats showed that exposure to chronic intermittent hypoxia results in a decreased infarct size after occlusion of the left anterior descending coronary artery. The researchers also noted that rats exposed to chronic intermittent hypoxia had decreased incidence of arrhythmias, including ventricular tachycardia. 9 In another study on rat models, researchers found that intermittent hypoxia was associated with greater improvement in post-MI ejection fraction and smaller infarct size at 21 and 35 days after an MI. 21 Shah et al studied over 100 patients with acute MI and found that patients with OSA had lower peak troponin T values. This effect was most significant for patients with severe OSA. 10 The paradoxically decreased infarct size and improved cardiac function can be partly explained by neovascularization and increased coronary collateralization. In rat models, hypoxia resulted in an increased capillary density of up to 60% in the peri-infarct zone. This was accompanied by a 134% increase in vascular endothelial growth factor production. 21 These findings have been corroborated by human studies. Steiner et al reported that patients with OSA and chronic total occlusion have greater coronary collateral vessel development than those without OSA. 22 Although our results are thought provoking, there are several limitations to our analysis. First, we used International Classification of Diseases, Ninth Edition, Clinical Modification codes to identify OSA rather than PSG. This almost certainly led to underestimation of the actual prevalence of OSA in our population. The prevalence of 1.3% observed in our cohort is markedly less than the 45% to 65% noted in studies where PSG was used. 23, 24 However, our estimates are similar to other studies using administrative data. 1, 11 Inclusion of potentially undiagnosed patients in our cohort may have pushed the effect toward null. Second, we cannot exclude the possibility of selection bias, wherein only patients with severe symptomatic OSA were captured in our database. We also lack data regarding the treatment status or severity of OSA in our population, both of which might impact our reported outcomes. Last, though we have carried out extensive multivariable adjustment for demographics and comorbid conditions, there is a possibility of unmeasured confounding variables. However, the large size of the data may compensate partly for some of the above-mentioned limitations.
Conclusion
STEMI patients with recognized OSA are more likely to undergo life-saving procedures despite having greater comorbidity burden and are more likely to survive a hospitalization for STEMI. Although patients with OSA had longer hospital stays and incurred greater hospital charges, there was no difference in incidence of IHCA. 
